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Adult Lung Transplants
Number of Transplants by Year and Procedure Type
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NOTE: This figure includes only the adult lung transplants 
that are reported to the ISHLT Transplant Registry.  As such, 
this should not be construed as representing changes in the 
number of adult lung transplants performed worldwide.2019
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Adult Lung Transplants
Recipient Diagnosis Distribution by Location and Era
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Adult Lung Transplants
Kaplan-Meier Survival by Era 

Median survival (years): 
1992-2001: 4.7; Conditional=7.5; 2002-
2009: 6.5; Conditional=8.8; 2010-
6/2017: 6.7; Conditional=NA

1992-2001 vs. 2002-2009: p<0.0001  1992-
2001 vs. 2010-6/2017: p<0.0001 2002-2009 
vs. 2010-6/2017: p<0.0001

(Transplants: January 1992 – June 2017)
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Chronic lung allograft dysfunction (CLAD): Clinical manifestations 

of a range of pathological processes in the airways or parenchyma of 

lung allograft that lead to significant and persistent deterioration in 

lung function, and occur > 3 mo after LuTx

Substantial and persistent decline of FEV1 (>20%) from baseline

• Obstructive pattern: Bronchiolitis Obliterans Syndrome (BOS)

• Restrictive pattern: Restrictive Allograft Syndrome (RAS)



ISHLT 2019 



ISHLT 2019
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Since only leading causes of death are shown, the sum of 
percentages for each time period is less than 100%. 

Adult Lung Transplants with COPD
Relative Incidence of Leading Causes of Death

(Deaths: January 2010 – June 2018)

2022
JHLT. 2022 Oct; 41(10): 1335-1375

BOS

50% of lung recipients 

within 5y post LuTx

76% within 10y

The most common cause 

of death after one year



Continuous Factors 

Recipient age (years) Donor age (years)

Recipient BMI (kg/m²) Ischemic time (hours) 

PA mean (mm/Hg) Center volume in previous 3 yrs

Recipient bilirubin (mg/dl)

Statistically Significant Risk Factors for BOS within 5 Years Conditional on Survival to 
Discharge

Adult Lung Transplants (1996-6/2013)

2021
JHLT. 2021 Oct; 40(10): 1023-1072





Extracorporeal Photapheresis

• Cell based immunomodulatory treatment

• Leukapheresis and photodynamic therapy

• FDA approved on 1988: Cutaneous T-cell lymphoma

Blood separation with centrifiguration

WBC (buffy coat) treated ex vivo with a photoactive psoralen 
component

Irradiation with ultraviolet A light

Photoactive WBC return to the patient

R.Hatchem, P.Corris. Transplantation 2018



Ara Cho et al. Frontiers in medicine 2018

• Closed system 
(FDA 
approved)

• Open system 
(different 
separation 
instruments)



S.Slomovich et al. Clin Transplant 2021



Indications of ECP

Cutaneous T cell lymphoma (first line treatment)

Graft vs Host disease (second line treatment)

Systemic Sclerosis (Grade of Evidence 2b, Strength of 

recommendation B

Solid Organ transplantation (lung, heart, kidney, liver)

JEADV 2021



Immunomodulatory effects of ECP

• Apoptotic cellular cascade by DNA cross linking (T-lymphocytes)

• After reinfusion: apoptotic leukocytes phagocytozed by immature 
dendritic cells               antigen-presenting cells

• Increase in anti-inflammatory cytokines 

• Decrease in pro-inflammatory cytokines

• Decrease in the cytotoxic activity of NK cells

• Increase in regulatory T-cells

• Differentiation of monocytes to dendritic cells               Interleukin-10

R.Hachem and P.Corris. Transplantation 2018



ECP: Mechanism of action 

S.Slomovich et al. Clin Transplant 2021



ECP in solid organ transplant recipients

• Increase or stabilization of Treg  cells                 increased immune tolerance 
of transplanted tissues

• 5% οf WBC are treated but ECP affects the whole immune cells population 
by its immunomodulatory potencies- transimmunization

Chronic heart or lung rejection 

BOS

• Decrease expression of pro-inflammatory cytokines

• Increase level of anti-inflammatory cytokines (T-helper cell type 2)

• Reduction of levels of circulating donor specific HLA antibodies and non 
HLA antibodies

• Reduction of the rate of decline of FEV1



R.Hachem and P.Corris. Transplantation 2018







P. Jaksch et al. J Heart Lung Transpl 2012









Safety and tolerability of ECP

• Safe and well tolerated

• Blood loss from extracorporeal circuit

• Hypocalcemia due to anticoagulant

• Mild cytopenia

• Catheter related bacteremia

• Not increased risk of infections

• Not associated with increased mutagenic risk 

R.Hachem and P.Corris. Transplantation 2018



• Main indication of ECP after LuTx is CLAD

• Pts with obstructive CLAD seem to respond better

• Pts with earlier onset of CLAD seem to respond better

Treatment schedule

• 2 consecutive days every 2 weeks for 3 months 

• If FEV1 stabilises or improves: every 1 month for 6-12 mo

Response assessment

• Improvement or stabilization of lung function, reduction of 

the rate of decline



• ECP: A therapeutic option for CLAD (BOS)

• Reduces the rate of decline of lung function

• BOS pts: Slowly progressive FEV1 decline, increased BAL 

neutrophilia

• Less successful in rapidly declining BOS pts without BAL 

neutrophilia and in pts with RAS

ISHLT 2019



• BOS after HSCT is a manifestation of GVHD in lung

• ECP: few published data in small cohorts of patients

• Considering the dramatic evolution of those pts, 

stabilization or slowing of lung function decline is 

response to ECP 



Other possible indications of ECP in  LTx



Single centre retrospective analysis (2009-2019)

41 pts with clinical AMP rejection

16 received ECP

ECP associated with reduction of dnDSA

Allograft 
dysfunction
DSA
Positive C4d
Positive histology
Mortality: 50-70%



Prophylactic use of ECP ???

Heart (1998)

• Addition of ECP to standard triple IS

• Reduced risk of acute rejections

• Not increase of infections

• CMV DNA was detected less frequently in ECP group









Induction extracorporeal photopheresis stimulates beneficial immune 
modulation in cystic fibrosis patients undergoing lung transplantation

Righi I. et al., ESOT Congress 2023; OS7_8

Background
• CR is the leading cause of late morbidity and

mortality upon LuTx

• ECP has emerged as a promising

immunomodulatory treatment against rejection

• Aim: To perform an in-depth investigation of

the immunological effects of induction ECP in

LuTx recipients with a diagnosis of CF

Methods

Pilot clinical trial enrolled 20 CF LuTx

patients randomly allocated in 2 arms

Standard 

immunosuppressive 

therapy alone 

Standard 

immunosuppressive 

therapy plus ECP

D0

LuTx

D3 M3

1 

cycle 

5 

cycles 

Functional activation of T and NK subpopulations as well as 

mRNA expression and cytokine secretion profiling are evaluated in 

peripheral blood and in BAL before the first cycle and 48 hours 

after the end of each cycle  and up to 12 months after LuTx

Clinical parameters, including respiratory volumes (e.g. FEV1), 

rejection episodes and infections, are analyzed 

1

2

3



Induction extracorporeal photopheresis stimulates beneficial immune 
modulation in cystic fibrosis patients undergoing lung transplantation

Righi I. et al., ESOT Congress 2023; OS7_8

Results
• ECP was well tolerated with no complications nor

opportunistic infections

• Rejection rate was comparable in the two groups

• Notably, a significantly better FEV1 was observed in

the ECP group overtime

• Treg lymphocytes and IL10-producing NKs were

significantly increased, while Th17 cells were

significantly reduced in the ECP group compared to

the control

• Cytokine profile showed that ECP reduced pro-

inflammatory cytokines (e.g. IL1b, IL6) production,

increasing that of anti-inflammatory cytokines (e.g.

IL10, IL1RA) both in plasma and BAL

Conclusions
• Induction ECP is associated with immune

modulation resulting in improved patients’

respiratory performance

• More extensive studies and longer follow-up

are needed to verify if ECP-induced immune

modulation will have a beneficial effect of

organ rejection as well



Our experience

4 pts BOS

• 2 GvHD pts 

• 1 pt LuTx – Histiocytosis X

• 1 pt LuTx – Cystic fibrosis

59 yo – LuTx 2008

CLAD (BOS) 2022

Lung function data: FEV1 84% (Feb 2022), 64% (July 2022), 50%  
(Sept 2022)

 ECP: September 2022, twice a month (until March 2023), then
once a month, until today (30 ECP, 15 cycles) 
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Take home messages

• ECP is a cell – based immunomodulatory treatment combining 
leukapheresis and photodynamic therapy

• The immunomodulatory mechanisms of ECP are not fully understood but 
regulatory T cells are key elements

• It is a rational therapeutic approach that may improve the rate of lung 
function decline and the clinical outcomes in pts with BOS after LTx and 
GvHD

• Well tolerated therapy with excellent safety profile

• Other possible indications are AMR and prophylactic use early after LTX for 
an immunosuppressant sparing approach 

• Clear need for RCTs 



Ευχαριστώ 
πολύ 
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